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Abstract – A simple dual-wavelength C-band laser source with 
the aid of Fibre Bragg gratings (FBG) with an optical signal to 
noise ratio (SNR) of 70dB is discussed. The laser includes a 3,2m 
Erbium doped fibre with 11,38dB/m absorption in a ring 
resonating cavity with optical couplers. The ring cavity has two 
FBGs centred at 1555.12nm and 1560.32nm attached to a 3dB 
coupler. A 1m long Sagnac loop with 70:30 coupling was used to 
stabilise the dual emitted wavelengths. The multi-wavelength and 
narrow spectral width of 0.183nm and 0.195nm of the laser can 
be used for dispersion measurement in wavelength division 
multiplexed (WDM) communication links which consist of more 
than one wavelength. The laser was characterised for dual output 
power response and power stability. The paper presents a 
characterisation of an Erbium doped fibre (EDF) ring laser. The 
laser is cost effective and flexible in selecting preferred 
components for optimal performance in terms of power and 
wavelength stability, wavelength selectivity and narrow spectral 
width. EDF lasers are commercially available and are already 
showing great promise in terms of their formidability and 
compatibility with current industrial requirements. 
Keywords – Dual wavelength, Erbium doped fibre, FBG, 3dB 
coupler and 1m SMF Sagnac loop 
I. INTRODUCTION 
Erbium doped fibre (EDF) lasers have made great progress 
in terms of keeping up with the continuous growth of optical 
communication systems. Their flexibility regarding ease of 
design and construction, and compatibility with optical fibre, 
together with low threshold and high power conversion has 
made EDF lasers very attractive to work with. Many 
applications have, over time, demonstrated the usefulness of 
fibre lasers in sensors, communication and spectroscopy. 
A particularly interesting application we looked at is the use 
of the fibre lasers in WDM communication systems. The multi-
wavelength fibre lasers have had a significant impact on WDM 
system in terms of allowing the providence of high bandwidth 
and high speed communications. The application of EDF lasers 
in WDM systems is part of the reasons that a lot of research 
has been done on fibre lasers for communication applications 
[1]–[5]. It has been reported in [6]–[11] that most of the 
challenges in generating multi-wavelength laser sources with 
EDF is that the doped fibre saturate at room temperature. 
Some techniques of overcoming the saturation include 
hydrogen cooling[12]–[14] of the EDF, hole burning[10], [15], 
[16] and introducing an intracavity Fabry–Perot etalon as an 
oscillation wavelength filter. A dual wavelength ring fibre laser 
configuration with two FBGs by balancing the wavelength 
dependent net gain and loss in the cavity was investigated. It 
has been reported that in a resonator, only the wavelength with 
a loss low enough to match the available gain, will be emitted 
[17]. Thus, upon introducing wavelength dependent loss and, 
in the process, balancing the reflectivity differences of the 
wavelengths defined by the FBG, a dual multi-wavelength 
laser was achieved.  
In the report [17] a nonlinear optical loop mirror (NOLM, 
also known as a ‘Sagnac loop’) is used to introduce an intensity 
dependent loss in the laser cavity to study the mechanism to 
attain a stable and ultra–flat multi-wavelength oscillation. In 
[18] the wavelength and power stability of a three wavelength 
EDF laser using the NOLM is discussed. A 2.5km NOLM is 
used to stabilise the FBG defined multi-wavelength emission. 
EDF lasers that are switchable and generate multi-wavelengths 
are demonstrated in [9], [10], [17], [19]–[21], employing either 
one or both wavelength dependent and intensity dependent loss 
in the cavity, however no FBG as the wavelength filters were 
used. It is also demonstrated in [20] that nonlinear polarization 
rotation can be employed to achieve a multi-wavelength EDF 
laser by introducing intensity and wavelength dependent loss 
to alleviate mode competition caused by the homogenous 
spectral broadening of EDF. 
In this paper, two FBG’s were utilised to achieve the dual 
wavelength EDF source as in [12], [13], [15], [22]–[24]. The 
dual wavelengths were achieved through either a linear or ring 
cavity configuration. The laser sources in [12], [13], [15], [22]–
[26] incorporate distinct types of EDF (pumped or un-pumped) 
and/or a combination of the EDF and semiconductor 
amplification. The ring cavity entail a series configuration of 
circulators or a combination of circulators and couplers to 
reduce cost and complexity. Some employ distinct types of 
gratings (Phase shift FBG, Chirped FBG e.tc.) [22]–[26] while 
other introduce intra-cavity loss – through polarization control, 
Sagnac loops and tuneable filters [12], [13], [15]. 
Key features in selecting EDF laser configurations are the 
output power stability and scalability when increasing the 
number of lasing wavelengths. This is often done without 
depending on the polarization states [25]. Several 
configurations have been used to demonstrate dual lasing as in 
[23], [25], [26] and [27] by FBGs. For lasing to occur at the 
selected grating wavelengths, the cavity arrangements must 
overcome the mode competition and instability (mode 
hopping) caused by the inhomogeneous nature of the EDF 
amplifier. The configurations in the [23], [25], [26] and [27] 
are well structured and represent good attempts to optimise 
configurations used to realise EDF multi-wavelength lasers in 
terms of complexity, flexibility and simplicity. An additional 
attempt was made to simplify the configurations used to realise 
dual lasing. The proposed configuration is flexible and easilly 
adaptive to changes such as increasing the number of 
wavelengths (subject to the wide spacing between the two 
lasing wavelengths) and increasing the lasing output through 
simply increasing the pump power. 
The dual wavelength lasers disucssed in [25] and [26] 
employ two separate circulators with the wavelength selective 
gratings attached to port 2 of each circulator. Variable 
attaenuators together with a 3dB coupler were used to balance 
the cavity loss for dual wavelength lasing. They achieved an 
instability of 0.35dB and a SNR of 55dB. However, though the 
configuration can be commended for the good stability, the use 
of variable attenuators and circulators makes the set up quite 
costly for simply generating dual wavelength lasing. In this 
discussion the EDF fibre laser configuration is more flexilible 
to increasing number of lasing wavelength and employ optical 
couplers resulting in a less costly setup. 
A simple dual-wavelength fibre laser configuration is 
proposed using standard single mode fibre (SMF). It uses a 
common section of EDF to provide amplification for both 
lasing wavelengths. This configuration can minimize the 
variation of cavity loss between these two laser cavities and, 
therefore, increase the probability of getting two simultaneous 
lasers at a wider spacing between the lasing wavelengths. In 
WDM communication systems the output power of all the 
channels must be relatively equal and in the mili-Watt range 
[13].  
A 3dB coupler in series with a 1m long Sagnac loop with 
both uniform FBGs attached to one output branch of the 
coupler was employed, as shown in Figure 1. The 
configuration is said to be cheaper (when compared to using 
Polarization maintaining (PM) PM-EDF as in [15], and 
circulators [26] which have high costs) and is dynamic in terms 
of its design to meet specific operational characteristics. The 
advantage of using FBGs in the cavity is that the operating 
wavelengths and bandwidth are defined by the grating. As 
such, a stable, and wavelength controlled, laser can be 
produced for specific purposes, such as dispersion 
measurement in an optical fibre link.   
II. EXPERIMENTAL DESIGN  
The proposed experimental setup of the experiment is 
shown in Figure 1. The setup makes up the dual wavelength 
fibre ring cavity laser source by means of two FBGs centred at 
1555.12nm and 1560.32nm. Each grating has a bandwidth and 
reflectivity of 0.183nm, 0.195nm and 96.01%, 96.35%, 
respectively. A 3,2m EDF with an absorption of 11.38dB/m 
was pumped through a 980/1550nm WDM coupler with a laser 
diode centred at 976nm. The light at 976nm enters the EDF 
amplifier which produces an amplified spontaneous emission 
(ASE) spectrum through absorption and spontaneous emission 
in the EDF. 
 
Figure 1: Dual fibre ring laser schematic with two gratings 
at 1555.12nm and 1560.32nm. 
The fibre laser system consists of: the pump source, the gain 
medium and, lastly, the feedback system, as illustrated in 
Figure 1. The laser diode pumps power at a specific frequency 
(𝜐𝑝) to excite ions of the gain medium to produce population 
inversion through absorption [28], [29]. The Erbium doped 
fibre forms the gain medium and consists of rare–earth element 
Erbium ions (𝐸𝑟3+  ). Population inversion is produced with 
this medium through a certain energy level structure with 
different states (ground state, excited state and ‘metastable 
state’). It is this energy level structure that determines which 
pump frequency (980𝑛𝑚/1480𝑛𝑚) is required to emit the 
lasing light at a specific frequency (~ ± 1550𝑛𝑚) [28], [29]. 
The series connected FBGs were used for emission at the 
prescribed grating wavelength, while the combination of two 
optical isolators were utilised to guarantee unidirectional 
transmission. The 3dB coupler and a 70:30 coupler with a 30% 
looping over a 1metre single mode fibre introduced intensity 
and wavelength dependent loss to ensure that only the 
1555.12nm and 1560.32nm lasing wavelengths are produced. 
The combinations act as cavity loss controllers to eliminate the 
difference in spectral gain to achieve equal power.  
The lasing wavelengths are filtered by the FBGs from the 
amplified spontaneous emission that is generated in the EDF. 
These wavelengths are the ones at which the loss is low enough 
to match the available gain. This means that most of the gain 
attained in the cavity will be distributed evenly at these two 
wavelengths.  
An optical spectrum analyser (AQ-6315B) was used to 
measure the laser output.  
III. EXPERIMENTAL RESULTS  
A series of experiments were conducted with the 
configuration in Figure 1. The optical circulator and 3dB 
optical coupler was exchanged in the experimental setup to 
achieve the dual lasing wavelength. It was found that the 
coupler to which the FBGs are attached easily matched the gain 
loss requirement in the cavity when compared to inserting an 
optical circulator in the configuration for dual wavelength 
lasing. 
The laser output spectrum at 1555.12nm and 1560.32nm is 
shown for a pump power of 43.053mW in Figure 2. Figure 3 
and Figure 4 demonstrate the effect that an increase in pump 
power has on the two generated wavelengths. It is shown that 
as the pump power increases, the output lasing spectra 
increases simultaneously, meaning that there is a balance 
between the two wavelength’s power increases relative to the 
pump power.  Figure 3 gives a visual display of the output 
power increase over 7mW to 49.3mW.  
 
Figure 2: Laser output spectrum 
 
 
Figure 3: Laser spectrum at 1555.12nm and 1560.32nm for different 
pump power 7mW to 49.3mW 
In optical telecommunication systems, such as dense WDM 
networks, the dual wavelength laser may be used to modulate 
more than one wavelength with the guarantee that the lasing 
wavelengths have the same power. Also from Figure 4, the 
laser threshold for both wavelengths is 15𝑚𝑊. This confirms 
the low pump threshold characteristics of fibre lasers.  
 
Figure 4: Laser spectrum power response at 1555.12nm and 
1560.32nm with increase in pump power. 
 
A stability performance test over a 2-hour duration was also 
performed, as shown in Figure 5 (power fluctuation curve) and 
Figure 6 (the spectral power stability). The dual laser is stable 
and maintains a power fluctuation of 5% (1.5dB). In addition, 
the spectral widths of the two wavelengths were maintained at 
0.183nm and 0.195nm respectively with the configuration. 
This is important in optical communication WDM networks 
where EDF lasers are used. Especially where narrow spectral 
width and minimum power fluctuation are required for high 
quality sensing and minimum source influence on the 
dispersion of light pulses in optical fibre communication links. 
 
Figure 5: Output power fluctuation of laser at 1555.12nm 
and 1560.32nm for 2hour duration. 
 
 
Figure 6: Laser spectrum over the 2hour duration 
 
When EDF lasers are compared with the semiconductor 
lasers employed in WDM network, semiconductor lasers need 
to be used in bulk which is often a challenge in terms of cost 
and compactness. The EDF lasers are cheaper, more compact 
and easily constructed to meet the current bandwidth 
requirements of a network. The EDF laser can also be utilised 
for dispersion measurement in an optical fibre link since it is 
possible to achieve multi-wavelengths and narrow spectral 
widths. WDM systems present high bandwidth, however, they 
have a limitation in terms of transmission length as a result of 
dispersion [30]–[32]. As such, setting up experiments to test 
dispersion over a multi-wavelength transmission link can help 
improve the transmission length with dispersion compensators 
as demonstrated in [33]. The approach would be to characterise 
Erbium doped fibre (EDF) ring laser for dispersion 
measurement and compensation. This is attributed to cost 
effectiveness and flexibility in selecting preferred components 
of the laser for optimal performance in terms of power and 
wavelength stability, wavelength selectivity (dispersion and 
loss profile) and spectral-width of the source to minimize 
dispersion effects of the source. EDFs are commercially 
available and is already showing great promise in terms of its 
formidability and compatibility with current industrial 
requirements.   
IV. CONCLUSION 
A simple dual wavelength EDF ring laser has been 
discussed. The lasing wavelengths were defined by the two 
series connected fibre Bragg gratings at 1555.12nm and 
1560.32nm. The configuration used could maintain the 
spectral widths at 0.183nm and 0.195nm specified by the 
FBGs. Also, a 1mW output power for each of the two lasing 
wavelengths was obtained at pump power of 50mW. A noise 
suppression of 70dB was obtained as well. The flexibility of 
the configuration allows easy adaptation to more lasing 
wavelengths. The multi-wavelength operation will be 
especially useful for dispersion measurement in a WDM 
communication link. Future work would be to optimize 
performance of the dual wavelength laser power stability and 
to increase the lasing wavelengths to three or four. In addition, 
the laser will then be further characterised to test its 
performance in a WDM optical link for dispersion 
measurement and compensation in an optical fibre. 
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